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SOIL LIQUEFACTION IN NEPAL-BIHAR EARTHQUAKE OF AUGUST 21, 1988 
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ABSTRACT 
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Paper No. 3.08 
Liquefaction of the soil occurred at many places in the Nepal-Bihar earthquake. In the great earthquake of 1934 in this region, there 
had also been wide spread liquefaction of soil. Analysis for dctcm1ining the influence of acceleration level, relative density, particle 
size and depth of soil on liquefiability of soil has been carried out, using the three most commonly used approaches and the 
difference in the results brought out. 
KEYWORDS 
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INTRODUCTION 
An earthquake of magnitude 6.6 on the Richter Scale 
occurred in the border region of Nepal and Bihar State of 
India at about 4.40 a.m. (1ST) on August 21, 1988. This 
earthquake caused wide spread damage to residential houses 
and other structures, liquefaction of alluvial deposits in large 
areas and landslides in the hilly part or the region; n::~:>ulting in 
death of over one thousand and injuries to over eleven 
thousand persons. 
The region is very well recognised as a zone of high seismic 
activity. For the period between 1808 to 1983, in the grid 
bounded by Lat. 24 N to 29N and Long. 82 E to 89 E, 
there are 109 reported small to large earthquakes. One great 
earthquake (M > 8), namely Nepal-Bihar earthquake or 1934, 
has occurred in this region. The reported earthquake activity 
falls in the magnitude range of 3 to 8.4. There arc six large 
magnitude (M > 7) earthquakes and 53 moderate size (7.0 > 
M > 5.0) earthquakes that have occurred. Much of the 
earthquake activity, in general, follows the trend of the :Main 
Boundary Thrust (MBT) and the Main Central Thrust (MCT), 
the two tectonic features of the Himalayan range. 
On hearing the news of wide-spread devastation in the 
earthquake, a number of teams of scientists and engineers 
from India and abroad visited the area to study the various 
aspects of the earthquake and its effects. A team from 
Earthquake Engineering Department of Roorkee University 
also visited lhe area and conducted similar studies, including 
the liquefaction study, as reported in this paper. 
SOIL LIQUEFACTION IN NEPAL-BIHAR 
EARTHQUAKE OF JANUARY 15, 1934 
This earthquake of estimated magnitude 8.4 on Richter Scale 
occurred at l4h 13m 2ls 1ST on January 15, 1934, with its 
epieentre at Lat. 26.21 N, Long. 86.12 E. The earth began 
trembling violently with a rumbling noise. The rumbling 
deepened into a roar. Memoir GSI ( 1934) describes the wide 
spread devastation caused by the earthquake resulting in loss 
of about II ,000 human lives. It has been reported that from 
Bettiah (26.47 N, 84.28 E) to Pumca (25.44 N, 87.27 E) all 
the houses either tilted or got buried in the alluvial soil 
underneath. At many places sand and water fountains 
suddenly erupted. Fountains of water which gushed out from 
fissures spread all over the cultivated land to a depth varying 
from a few inches to about three feet. Masonry buildings, 
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Fig. 1 Ajjixted Area and Isoseismals of Nepal- Bihar Earthquake of Jan. I 5, 1934 
trees, roads, bridges and even railway lines were engulfed. In 
some instances men and cattle disappeared in one moment 
and then were thrown out once again by the upward rush of 
subsoil water from openings in the ground surface. All the 
wells in the area were chocked creating acute shortage of 
drinking water. The total area over which liquefaction was 
observed is reported to be about 46,600 square kllometres 
including the towns, Bettiah, Sitamarhi, Madhubani, 
Muzaffarpur, Darbhanga, Laheria Sarai, Champaran and 
Pumea. The affected area and isoscismals of the earthquake 
are shown in Fig. 1. 
SOIL LIQUEFACTION OBSERVATIONS IN 
EARTHQUAKE OF AUGUST 21, 1988 
This earthquake occurred in the early hours of Aug. 21, 1988, 
and had its cpiccntrc close to Nepal-Bihar border (26.7N, 
86.6E). Two severe waves of 10-15 seconds duration each 
were felt. Extensive evidence of liquefaction was observed 
from areas of Darbhanga and Madhubani and also reported 
rrom Laheria Sarai and Jhanjharpur. In the belt covering 
these towns, sand water geysers rising to a height of about 1 
m. \vere reported. Sand and water vents were seen in open 
areas, f1oors of buildings cracked with water and sand oozing 
out of the cracks, building foundations and long boundary 
walls sank and cracked. The boundary walls of the 
Darbhanga Raj Bhavan complex developed cracks at many 
places and so did the thick walls of the Darbhanga jail 
complex. In both, Darbhanga and Laheria Sarai roads were 
cracked at many places with sand and water gushing out In 
the nearby villages of Tara1ahi, Bishanpur and Keoragach a 
layer of sand was reported to have been deposited following 
the earthquake. Much of the telltale evidences of liquefaction 
in these areas were lost due to the floods which followed the 
earthquake. 
The team from Earthquake Engineering Department of 
Roorkee University visited the affected areas in Bihar State 
only. The team of Japanese scientists (Fujiwara et.al. 1989) Fourth International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
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ISOSEISMALS BASED ON MM INTENSITY 
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Fig. 2 Affected Area and Isoseismals of Nepal- Bihar F:arthquake of Aug. 21, /988 
reported the occurrence of liquefaction in the flood plain 
alluvium deposit of Sapta Kosi river, a tributary of the Ganges 
river in Nepal. Here most of the land is used as rice fields. A 
few houses located at the site of sand ejection were seriously 
damaged by disruption which caused sinking of columns and 
neven settlement. Sand and water reportedly gushed out near 
the epicentral region. The affected area and isoseismals of this 
earthquake are shown in Fig. 2. 
SOIL LIQUEFACTION ANALYSIS 
Soil samples were collected from Madhubani and Darbhanga 
areas. The particle size analysis of these showed that the soil 
is silty uniform fine sand. The particle size gradation envelope 
of these samples is given in Fig. 3 and is a narrow band 
having D50 between 0.15 mm to 0.20 rnrn. The average ernax 
and emin values are 1.15 and 0.56. 
Assessment of Peak Acceleration 
Isoseismals for MM intensity VI to VIII were plotted (Fig.2) 
on the basis of the damage observed and replies of the people 
to the questionnaire prepared for the purpose. The region 
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GRAIN SIZE IN MILLIMETRES 
Fig. 3 Particle size gradation envelope for soil samples 
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consisting of Darbhanga, Madhubani, Samastipur, Saharsa, 
Madhepura and Pumea which is enclosed by isoseismal VIII 
was estimated to have a spectral acceleration of 0.37 g and 
more for a structure of period 0.4 sec. and damping 5% of 
critical (Thakkar et al, 1989). 
Iwasaki ( 1986) has suggested the following relationship to 
determine the maximum surface accleration (in gals). 
-og 
=184XI0° 32 M XD. 
asmax • (!) 
where M is Richter scale magnitude and D is the epicentral 
distance is km. 
The epicentral distances of Madhubani and Darbhanga are 60 
km and 90 km respectively and correspondingly, forM= 6.6, 
the values of maximum surface acceleration are about 70 gals 
and 50 gals, only. 1be above relation does not take into 
account the amplification of base motion due to the thick 
(several kms) deposit of alluvial soil in the area. The damage 
survey indicates MM intensity VJIT in both the areas. In view 
of this, there seems to be amplification of ground motion by 
two to four times. The liquefaction analysis has therefore 
been carried out for maximum surface acceleration levels of 
100 gals to !50 gals. 
Analysis using Iwasaki's (1986) Approach 
The dynamic load L ( or max. shear stress) induced in a soil 
element by earthquake motion is expressed by 
(2) 
in which a (gals) denotes the maximum acceleration on sma;o;. 
the ground surface, 0'"0 and d 0 arc the total and effective 
stresses on the soil clement, 
rd~l-0.015Z (3) 
in which Z is the depth (m) 
The in-situ shear strength R, for mean diameter D50 between 0.6 
mm and 2.0 mm, is given by 
0.35 
R = 0.0042 Dr+ 0.225log10--
Dso 
(4) 
in which Dr is the relative density (percentage) of the soil. 
The insitu relative density of the sites where liquefaction had 
occurred seemed to be mostly in the range of 30% to 40%. 
However, the analysis has been carried out for Dr ranging 
from 30% to 60% . The ground water table level is considered 
at the surface. The R and L values for depths upto I 0 m have 
been plotted in Fig. 4. These plots show that even for 
590 
as max = 100 gal, the soil deposits of Dr = 30% to 40% will 
liquefy. In case a linear increase with depth in Dr values 
from 30% to 60% is considered, the line joining points M and 
N would provide the value of R at any depth. 
Analysis using Seed and Idriss's ( 1971) APProach 
The average shear stress that is induced by an earthquake 
is gtven as 
(5) 
111 which amax ls max. surface acceleration and rd < 1 
depending on the depth of the soil. The ratio rav I 0"0 ' is the 
induced shear stress ratio that is then compared with the stress 
ratio of the soil causing liquefication. 
The stress ratio ( rj U 0 ')w, causing liquefaction (strength of 
the soil), as evaluated from laboratory tests is given as 
(_!_J = (!!.sk.._) Cr Dr do !Dr 2 0'"17 150 . 50 (6) 
in which adc is pulsating deviator stress, aa is initial ambient 
pressure and Cr < l depending on Dr value. 
The stress ratios, both induced and causing liquefaction, for 
depths up to I Om have been plotted in Fig.5. The values of 
( ud /2 u ) have been taken from triaxial test data, as given (' (I 150 
by Seed and Idriss ( 1971 ), for causing liquefaction in 30 
cyt:lcs. The plots show that the induced stress for 
a = I 00 gal could cause liquefaction of soils having Dr 
ma.>:. 
equal to 50% or so. In case a linear increase, with depth, in 
Dr values from 30% to 60% is considered, the line joining 
points M and N would provide the value of strength ratio at 
any depth. 
Analysis using Chinese Building Code (1974) Approach 
The critical value of the standard penetration resistance Ncrit, 
separating liquefiable from nonliquefiable conditions upto a 
depth of about 15m is determined by 
(7) 
in which d5 is depth of sand layer under consideration in 
metres, dw is depth of water table below ground surface in 
metres and N is a function of the shaking intensity as 
follows: 
Fourth International Conference on Case Histories in Geotechnical Engineering 
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R AND L VALUES 
0-15 0-20 0-25 0 0-30 0.35 A ~Dr=30% ,D50 =0.20mm 
---- R PLOTS A .. s .. c,o R ~Dr=30%,D50 =0.\Smm 
L PLOTS E,F, G,H,I,J C~Dr=60%,D50 =0.20mm 2-5 MT I 
I w IlL D ~Dr=60% ,D50 =0.l5mm I 
E I E ~ Dr=60% ,amox =IOOgal 
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I G ~Dr=60% ,amox =125gal 
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I H ~Dr=30%, a,"= 125gal 
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I I I ~Dr=60%,am, =150gal 
10 I Nl J ~ Dr=30%, a,"' =l50gal 
Fig. 4 Jnsitu Resistance (R) and Ear/hquake Load (L} as per Iwasaki's ( 1986) approach 
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Fig.5 Strength and Induced Stre" ratios as per Seed and Jdriss's(/970) approach Fourth International Conference on Case Histories in Geotechnical Engineering 











The values of standard penetration resistance N, for the sites 
for Dr range of 30% to 60%, have been determined from the 
following relation 
(8) 
in which o-0 ' is effective over burden pressure in kgf / cm
2 
. 
TheN and Ncrit values upto a depth of lOrn have been plotted 
in Fig. 6. These plots show that even for MM intensity Vll, 
the sites having Dr upto 50% would liquefy and for MM 
intensity VIII, soils with Dr of 60% or more liquefy. In case a 
linear increase with depth in Dr values from 30% to 60% is 
considered, the lines joining points A,B,C and D indicate 
liquefaction upto a depth of about 9 m for M M intensity VIII. 
N AND Ncrit 
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Analysis of liquefaction for the Nepal-Bihar earthquake has 
been carried out using the three prevailing approaches. 
Though all these approaches show occurrence of liquefaction 
for the acceleration levels considered, there is an appreciable 
difference \Vith regard to the influence of relative density, D50 
and depth on the liquefaction potential of the soil as 
determined from these. Tims there is a need to carryout further 
research to narrow down the differences and bring out a more 
unified approach. 
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